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} The “Golden Age of Microarrays”

\P?“ Print an array

\
<.—"-?j Get RNA samples

\__F‘ Hybridize the samples to the array
\i.'

#
ol

\';-"’-Zl'.‘l Find a long list of differences (Table 1)

\_F‘ Select a small subset of “interesting genes” (Table 2)

\
-~ Write about those differences

\

=
-

\ij Submit paper to Nature/Science/PNAS and prepare

. forpress conference
J J ifEIHE’lTLI?EF",HE'ZHTM',REE-EiEiH With apologies to Roger Bumgarner




) . Mlicroarrays Today

\ #® Choose an Experimental System
\ . ¥ Design an Experiment

\ :® Collect RNA samples
\

-~# Do the hybridizations, with replication, both biological and
\.  technical

\ . ® Collect, normalize, filter, transtorm, and analyze the data to
identify significant differences

# Mine the literature and use other available information to
form hypotheses based on the data

|’“~,-~.:i'."""r'li"!""wL
.

\ ? Test those hypotheses

- # Publish if you can
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E What’s the difference
\P?“ The cost of the assays have fallen and they have

\ become more robust

\iﬁ Our ability to generate data has increased
\ dramatically

\

\'f"-ﬁl'fl Our sophistication in both experimental design and
-« data analysis have evolved significantly

\

\ ® The expectations from the community for data

_—

\ analysis and validation have increased
| —r The challenge of how one can extract meaning from

a list of experimentally significant genes remains
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= Levels of Biological Information

T

s DNA Genomics
v mRNA Functional Genomics
\_ Proteins Proteomics
;= Informationz Metabolomics
\h Informati Bystems Biology
\ Cells The Future! _gfij| [N EYa 3T (T4
i Organs Medicine
-+ Individuals Medicine
\_ Populations Genetics
\) Ecologies Ecology
. Traditional

R Biology

‘omics




\ The challenges today

\

= ® How do we best design and analyze the experiments to
\j._ : identify the most significant set of candidate genes?
\f_ # How can we leverage the existing biological knowledge base
\i;. to extract information about the patterns of gene expression
ir’ we see?
\ ¥ Can we link expression data to the genome, to genetic and
\“ QTL maps, and to other related resources?
\— ¥ Can we reconstruct metabolic and signaling pathways and
= networks?
\
™ Can we use arrays to make clinically relevant predictions?
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THE
HUMAN
GENOME

J ul ' Public HGP Celera Genomics
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How do we use sequence data?
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\ The Golden Age of Genomics
\F ® ~100 Microbial Genomes have been sequenced,
\ at least 100 more are on the way

»
- =

f1

= & Yeast, C. elegans, Arabidopsis, Drosophila and other

\_ Fukaryotic models are finished or well advanced

\

\H ® A “working draft” of the Human and Mouse Genome
= Sequences have been completed and the first Rat

\_ assembly is now available

\- & More than 13,000,000 Expressed Sequence Tags (ESTs)
S_, are available; more than 5,500,000 from humans

\
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TIGR Gene Indices

home page
www.tigr.org/tdb/tgi.shtml
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Gene Index Assembly process

ESTs from Ex dT ints (ET
TIGR ESTs pressed Transcripts (ET)
GenBank (dbEST) from GenBank CDS
remove vector, poly-A, reduce
adapter,mitochondrial and redundancy

ribosomal sequence

High stringency pair-wise
comparisons to
build Clusters

.............................

.......................................................
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Each cluster is = e B
assembled to obtain |- 1
Tentative Consensus ;
-

sequences (TCs)

| i |'Ihu- TIGR Human CGene Index (HGT)

HGT THC Report: THCL04722

Annotate TCs
and release




E:' The Mouse Gene Index <http://www.tigr.org/tdb/mgi>
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A TC Example

>TC161360 TCZS195 TCZ;S&E TC33731 TC40754 TC1459101

TR T A ARG AR TT T TAT T T T T T TAAATAGACAC TAARATTATCTCCTAGTCATGAGAAATTGCTAALAGACTAAT
TATT T GAGA R T T A G AT GAC TAA TG TALRATCATTAAGGARATGALTTTCAGAGAGGGGARACTTTTCAAATTGAATA
CTGCATT TARRACTTITCAGCTTGACACTCCTCC TCCCACCTCCCCATCCTCTCCAGGCATAGCGGTATCTTICTTTAGET
TG GG AT T e TAT G A A A AT AT AT GG A G AATC G T T e TEGC TTOTAAGTGCSCAGAACTTAGTARLAGRCITA
CTEGATGAGTALRC TCCTTGGGAGC ATGTGTC AGATAGGTAGGAATAGC TCARTATGRCTGGATGTGCCACTATTCALAC
ARG TTAGTAT TATG TG CAGRAGCATCCCATTGTT TGATGTTATGGAGRAAGALAGRAACATCCAAGGTGGAGTATCCA
T R A TGAC A A RAGTTTTAT T TAC TTRAGAGC TTGTT T TGRAGACCACACAGGGARARGGTGCTACTTCCAGTTT
CTTTGTARATAACAGGAAAT AACTCCCACCGETAGCCTCTAATAARATAGARATATTCCAAGGAGTGARACTTAAGCTGTT
CATATACCCATART G C C TAGAAGC MG AC T TG TCATCGTATC TGAATGATAGGC TATGSTGAGATCTTTTTAGGC TRACAG
TGTTTCTAGGTCRGGTGCTAGCATCCCTGC TCRGGRAAC AGGGGTGRGRALGTATGGTGECCTGAGATTTAGGATTTTAAC
TG TG T T T T T RAG AT G AT T T IO TG TGO TRAT TTATAG TG ATATAAGATGTGTTTGTGGTGCATCTTATAACTTTC
A TAAT T G AT AT TAAT G T A GAC TAG T T T T e C A R A TGAT G TAAGATTC TG GTGTCTTI TATTCATATGGTGTCAAL
T AT T T A T T T T TG T AT T AGC A AT TG TR A A G TATATACTTTCATATAGCTTATACAGGCATATGGGCA
TAGATAATT TG TTAT T T AR A AT TTC TAGARTTTGRAGAGC TG TTTCACTC ARGTCCCCACAACTATTATTGAATA
T T TG TG T T T TAC AT TC A AC TARATTAC AR RATAGTGATAGGTTTTTTGTTITTTTGTTTTITTGTTTITTTTTCTG
TGRATCATGRAAGACCARATAR R TAC T TG CATTTGGARAGAATCTCARAGCACAGCTGTTGCTTAGGATTTGAGATC
T A A CC R T TAC A T T IC T TC T AL CATICTI T I TIC TC T ICACTRAAAGAR TACARATACATARALCGATOCTCACCAGA
AGCC ARG TG G AT GGG R A AT TA MG A A TCA A T TG TTATG T TAAGCTATGCTTTTTGTACRGAGACAGAC
TTAGGACTAGGCCTTTCACAGC TTCCCAAGTOGGACAC AGAAGC TTGRAAGRACATGCCATATTTTGTGCCTTCCCCACAG
G AT AT AT T T AT T T T T T AT TAT TA R AR A R TTC T AT TARAC RATTTC TC TCATATTC TTTARGACARTCAT
GCRARAGGGACTCCACC RAACATGAAGRAGGAGTC AGAGAGTTCAGAGATGARCAGARACAGTCATGTGTCTTTTICCCTCT
CUTGTAAC T U TCATOCRAGEAAR AL GUEARARRCC AT TACCACTAC T AGACRCACATCCARGCCARARGGTORAR T AR
TTGEGATTCT TCAGCGTTTC TG CAG TG TAMGACTCCCTAMGC AAGGC RALRGAC AATCTTTTATAATCACTGCATTCTTC
AAATGTGRAGGAGAGC TAGATGTGOCTTC TCTATGCARAGTTAAGC TG TGAARATATGGAGAAT AGATTGTGGAAGGCCA
ARG T GGG T A A TATE T TC T TG ARG TC TCTARAC AATAATGC TTAGAAARGARARGAGTTTARGGAGCGATC
T AT T T T AL TG AAGG AT T C TG TC T TG GAGGTGC TG ARARTTTATTTCTGCTICTICTICTTCTTCCTCCTG
AT GG A AT AT T T A AT T T T T T AT T T T T G G T TG GG ARGATAC TCCACTTAGC TCRATGATTTCTTCTTTCATTT
TAAT T T T AT TTT T TTC T C AGC TGAC RGC ARG RACC A ATTAGATTTGGATC TGS TACACATTCTTTTCCACTCA
T T A AR TACC AGC TG TCACAAGTTTC TOGAAGARGGCAGAGATCAGCATCGCCGACAGRAATGCCCARGARCACAGA
CTGA R TG TG T TAC AT AC TG T TAGA T GG ARG T T T T T e TC TG AGGRAATTAGATGGTTCACAGTCGTAGATATCRAACAT
A GG TG ARG T T TCAAT ARGCTCCAGTC TTCTCAT TI TTARARRATGAGARAGTCTCATCTTAAGTATGTCCATGATT
GAAAGAATTATTCCAGARATGOCAGCARAGAGGCTTAGAGAGCTCATTATCACTTITGCTTTGACCARACTCTTCCTGGA
GGTTTTTTC TGO TG AGC TR C AGGAGTGATCC TG AARTAATGTACATAATGCCTCCOCAGAGAGGGTACCATACACTCA
ARCAGATGGG TGO GRAGACCCC TG TGGGGATCATC AGCAGTCCCCCCAGGOTAATATGOARGAGGCCATTCATGATTTGG
AC RGO R AAGCC TT I GA T T CC T AT GAAGAAGC TT TG TG T e GGCCCACCAGTGAAGATCTCCTTTIGAGGTICAC
TTTTGGAGC AGGTTFCATGRCGAGGGGACC TT TG TAGGC TCTCC TOGCARAGGTCCACTCATTGAGTITICARAACGCCT
GGEGTCTCCARGGCTCCARGGCTCCAAGGC TTARGGGCCARATTAGCCACTCACAGCTGAGATCAGTTGGCCTCTTCTATC
T ARG TR T TGARG A TAG TAC ARG TG TAC TTACATATAATAATARATRALTC TTTARRAARARALAARAARARGGRATTC
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GO Terms
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The TIGR Gene Indices <http://www.tigr.org.tdb/tdb/tgi.shtml>
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\ Building TOGs: Reflexive, Transitive Closure
\
\

And Paralogues

Tentative Orthologues

_

\
\
\
\
\
\
\
\
J
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Tentative Ortholog 3220

@ | honse[TC127150

Huwnan|THC492801

Sequence’?
Rat{TC1473%% Cattle[TC10452 |89 *9
Mouse[TC127159 | Catle[TC10452 |28 ?3:
| Human[THC492801 | Cattle[C10452 | 29.93
Mouse[TC127159 |RaffTC147399  |9293
Human[THCA492801 |RafTC147399  |29.63]
Human[THCA92801 | MousefTC 12715589 -1?

Sequencel

CLUSTAL W (1.8} mulople sequence abizmment

mouses | TC127159

human| THCASEE0 1
cArtls| TC10452

cat| TCL4Ta9s

mouse | TC127158
humean | THC49Z801
cattle| TC1045:2
cac| TC147399

mouse | TC127159
husan| THCAS2801
cactle| TC10452
cat| TC147393

TGGTCTAC .kCJt.uL-CT- = hG-GTEGCCACCAC TG ————CORCTGRCATGATTAGCACTA
TG T TO A TR TTOC AA-GCGAC TECC ATO TS TAGTCCACTOACATGATTGACATTA
CAGCCT ul.'rl.\:-.n.-{T- CRACGTZCCTTCCACGTGCCCGTC AATGGRCATGATTRAACGCTA
RAGGTCTGCATGGC TCCAGGC AGE -: = A ATGTECC === = R TGRACATGATTRACGCTA

] ¥E ®E ¥ " FF FEEE L EEFERBEEE ] Lx ]

AT T T TG GG AC AT TARATTAAGGAATGAC ACAGGAAGCCCAGAC AGTGGCTTATTC
KCATTCTTGGGGEGCATTARRTTARGGARTGAC RCAGGGAGCCARGAGAGTGGCTTATTC
AT TC T TG AG GGG AT TARATTARGGARATGACGC AGGGAGCCARGLANGC AGCTTATTC
TTATTCTCGGGOGACATTARATTARGGARTGAC ACAGGAAGCCAAGAC AGTGCCTTATTC

FETTT P OTEE TETTTEITETEEEEETEEEE TEEE TEEWET TEE BE rrTTEETE

AGTTGGATTCTGGATCACARTCAGGRAAATAGTCTITATCTGGTGOCACCATAATTICATT
GGTTGGATTC TSR A TC R AR TCAGGRARTAGTC TTTATCTGGT GCRACCATARTTTCATT
AGTTGGATTCTGAATCACAATCAGGRAATAGTCTITATCTGGTGCAACCATAATTICATT
AT TGGAT T TR A TC R AATCAGGRAATAGTC TT TATCTGGTGCCACCATARTTTCATT

FID | Match length

408
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RESOURCERER

‘h REROUVRCERER U

RESOURCERER 4.0

ing GenBank Accessions: 5

Wi

aie’] Data Set A

Data Set B:

Jennifer Tsai

Humian, &

| Mang

http://pga.tigr.org/tools.shtml
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RESOURCERER: An Example

E AN 4

NIABMAP

.h:f:,

NIA+BMAP & affy HG-U95A

A

Based On: EGO

s

1

g

There are 10776 rows i this table Download | Jurnp to page | |l
Page 1 of 216 is currently displayed. Mext

\

1

Dataset Hearray Clone GenB Ace  NIATC Dataset B Probe ID Clone Name GenB Ace | affy HG-USA
A I Name TIC

H30014A04 | COOD1CO5 | BGO62331 | TCS511431 | affy HG-USSA | 37668 at M6I03T THC833982

H3001407 | CO001D11 | BGO62933 | TC536824 | affy HG-UYSA | 38060 at AT541336 THCEB9116

¥

H3001A08 | COO01ED3 | BGO62334 | TC501927 | affy HG-USSA | 41439 at ATDD1381 THCI76851

H3001A12 | CO002A05 | BGO62337 | TC501957 | affy HG-U9SA | 39093 s at 112059 THCE31255

H3001412 | CO002A05 BGO62237 | TCS01957 | affy HG-U9SA | 39094 at | IMAGE-2481377  AI991631 THCEB1255

H3001EB02 | CO002C056 |BGO63016 | TC457292 | affy HG-U9SA | 35600 at AB023567 | THC1004576

H3001E08 | CO002F11 EBGO63022 |TC457696 | affy HG-USSA | 1402 at MI16038 THC335041

AT LAPCL A
reductase) [Mus
muscidus ]




" Mapped to Mouse Genome: chrlo
.f‘ Range: $3628083-2K355680

Marker Name UNSTE | Coesie Dhata St Gomllaak Are | TIGRTC O Left | Chr Bight
m May

garch RESOURCERER Using €

— & .- This genetic to physical mapping tool uses genetic markers from Und

Mapped to Mouse Genome: chrl6

Range: 23628083-28355680

Thetreare 78 rows m this table: Dawnload i Jurmip to page "1
Fage 1 of 2 is currently displayed. Mext I

Marker Name . UmSTS Genetic Data Set . GenBank Acc | TIGR TC | Chr Left | Chr Right TGT Annotation
Map
[
| 01 MMETAP12FLAT 564 ‘ 192645 | 16 | ‘ ‘ | 23628083 | 23628267 |
BLAP ATB48162 | ToB40765 I | 23040198 | 23652044 | preprosomatostating sematestatin [Mus musculus]
TIGR. 25K _Mouse Set |
| ‘ \ | Agllent ‘ AA051655 |T0640?65 23040198 | 23652043 | preprosomatostatin, somatestatin [us musculug]
| ‘ | | RIEEN 20K ‘ AV149991 | TCE40765 | 23040198 | 23652949 | preprosomatostatin, somatostatin [Mus msseulus]
affy WMG-TT744 51468 ToE40765 [ | 23040198 | 23652549 preprosomatostatn, somatastatin [2us musculus]
affy Mul1KE
affy MG-T74 402
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Insegrating data from inbernati = e sequencing and
yene research projects, (ene index me an analysis of transeribed sequences
repecsented in the world's public EST dsta.

LITIGR -

- J _] THE IKSTITUTE FOR GENOMIC RESEARCH

4!"-: o

5

Genome Views - Genomic Maps
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Gene Finding in Humans is easy!

=

2l

T o= 30,853,899

37 = 50,.961,.90
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\ Gene Finding in Humans is easy?
c
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Gene Finding in Humans is difficult?
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Gene Finding in Humans is difficult?

Enzembl Genes

Human TiCs

A genome and its annotation is only a

hypothesis that must be tested.
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What do we need to know to use
expression data?
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What data ShOllld We COlleCt? Nature Genetics 29, December 2001

i1 © 2001 Nature Publishing Group http://genetics.natyr. .
— 9 wrotp T comithentary

Minimum information about a microarray
experiment (MIAME)—toward standards
for microarray data

Alvis Brazma', Pascal Hingamp?, John Quackenbush?, Gavin Sherlock?, Paul Spellman?,
Chris Stoeckert$, John Aach’, Wilhelm Ansorge®, Catherine A. Ball4, Helen C. Causton?,
Terry Gaasterland'?, Patrick Glenisson'!, Frank C.P. Holstege'?, Irene F. Kim4, Victor

Schulze-Kremer'4, Jason Stewart'®, Ronald Taylor'®, Jaak Vilo' & Martin Vingron'’

Microarray analysis has become a widely used tool for the generation of gene expression data on a
genomic scale. Although many significant results have been derived from microarray studies, one lim-
itation has been the lack of standards for presenting and exchanging such data. Here we present a
proposal, the Minimum Information About a Microarray Experiment (MIAME), that describes the min-
imum information required to ensure that microarray data can be easily interpreted and that results
derived from its analysis can be independently verified. The ultimate goal of this work is to establish a
standard for recording and reporting microarray-based gene expression data, which will in turn facil-
itate the establishment of databases and public repositories and enable the development of data analy-
sis tools. With respect to MIAME, we concentrate on defining the content and structure of the necessary
information rather than the technical format for capturing it.

MAGE-ML — XML-based data exchange format

\
\
\ Markowitz'3, John C. Matese?, Helen Parkinson', Alan Robinson’, Ugis Sarkans’, Steffen
\
\
\
\ <http://www.mged.org>

EVERYTHING




SOPs are available Coming: Data QC SOP

cDNA/template prep PCR purification

\
\
\
\
\
\
\
\
\
\
Q

<http://pga.tigr.org/tools.shtml>
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YMIDAS: Normalization and Filtering e

B TIGR MIDAS ¥2.0 @'E

Project Read Data Operations Write Data Tools  Help

View all parameters |

b
\
\
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\
\
>
\
\
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SENOMIC RESEARCH © Available with source




Y MeV: Data Mining Tools Alex Saced

At At s (A oy 3 ‘ Alexander Sturn
BPP WE B GNP R | Nirmal Bhagabati
Tni SAPTARTL oot - T Cintcni 1L -

e Cotcmtain H-means
T Cafculain PCA i

T i ol e PO (F s il | Datanaut, Inc.

"I Coammast s 1O il

T e Do M CBimg
B ol SV

T Classity SN

. Dwiinte A Clestprs

§ Stvewr Qi

o healyss Diaphee Sen  Halp

BTl e e e e T e (T

X

I

—
-

. N

© Available with source




2, e M L]

B T
P ——

L Ty

1. CHER Prire 50 vhre mriat-olic infaemation for ALL genea

e
e ]

dmmm e E

N sares e

Bim b o b

# Wpw Gene Espression foe Selecied Metmbobc Pathways
T
FEE B e

i e e =

Chisters of Genas

=10 %]

Averages

[_] See Animation

Arginine Metabolism rﬂerine-GI}rcine-Cysteine |

Tryptophan-Phemdalanine-Tyrosine

[

Pentose-Phosphate

Ghycogen Synthesis

[

Valine-Leucine-Isoleucine

[

Methionine Pathway

LLLLLErLnreRLLneny

D-glucono-1,5- 6-phospho-
lactone-5P 4_’| D-glucose ‘ﬂ 5-phospho-alpha-D-
ribulose 5P ribose 1-diphosphate
ribns¢e-5 P |phespho-ribos-ATF |
glucose-6- xylulose 5P ﬁ“ -
~ phosphate [ehospharibas-amF]

FRM GENOME TO METABOLIEM

Glycolysis/Gluconeogenesis |’Tcn Cycle |/ Lysine Threonine Synthesis r TCAAspIGIut symthesis

e

b
phospho-ribulosyl-

|ery‘throse-4-phosphate|‘ N
+

> formimino-AICAR-P

fructose-

=T

Clch hass io wiew matsbals imfermatian far highlighied g Hﬂaminn name: Rﬁpyrnphus

AR E ] T

FROM METABOLISM TO GEMNOME Spum;aneuus:
i caeee] | BEversible:
Pathway name:
FMRAR S Pathway class:
[ — Enzyine hame:
EC number:

i 1 pripat e e | el 8 e e

Vierw: Bl c1a-d Fateaays

Associated genes:

2. Warw Gane Bxprewsion for
prs—rt
Ee "]
v

4 [T L

i 1§
e
g

g sy b

D s gus e L

2458
T
EELY
2
(EEEE

FTRE LY

Practiors

[T
w0
et 1§

- Bl e T

Vi ertem bred P Fam N—

sedu-hepuluse-| | __/
& Reaction: R5Pyrophos =]

b
phosphoribosyl-
formimino-AICAR-P

Il

imidazole-
glycerol-3P

glyceraldehyde-
3-phosphate

L-histidinol-P imidazole-
¢ acetol-P
L-histidinol

o e i e s

Winw Sedectnd Heactions

Maria Klapa and Chris Koenig



What can we do with expression
data?

Link to Genetics

fli;.}f:;._.‘f..'iéff'r;f!,','.‘"f!“!.;.f;;;f':ﬁr\"-;i!~

E:
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\ 32.448 element mouse array

.
\

.

T T LT L LT AP ™l

F‘ Thanks to M. Ko (NIA) and B. Soares (BMAP) ‘ e

Kidney vs. heart
15ug total RNA
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S P Innate Immunity
= CD14—  _LBP
\ 'A'/- — TLR Proteins Adaptive Immunity
=~ LPS R

Antigen Presentation

@

Inflammatory
Cell Recruitment

NIK— & a

,E v

Cytokines and
IRAK2— =  MyD88 Adhesion Proteins

: Pathophysiologic
NF-x Conditions
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Immunomodulatory Genes

J David Schwartz Adapted from Godowski. NEJM 1999; 340:1835



= Examples

T I

1)t

BXD5

BXD29

BXD39 BXDA42

1800
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Lavage PMNs x 10 3/ml

11000
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: [11.101
st

BXD Recombinant Inbre
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I —

R ——

I — -
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I
|

trains (n=32)

i L

!

>4

F2 progeny show QT (PMN and TNFa levels) after inhaling endotoxin LPS.
Mice are classified as low to high responders and used to generate a QTL map.

et
| 1)t

T i}

Goal: Identify mouse candidate genes that regulate lung
response to inhaled lipopolysaccharide

David Schwartz

Gary Churchill

Shuibang Wang
Don Cook

Gabe Howles
Yonghong Wang
Yan Yu
Renee Gaspard



cM 61.0 - 66.0

Trait: PMN
Chromosome 6

Marker
Cyx

3.7 82 18

Qui

D6Rik60
Rho
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Klra3

" \dp

Cmv1
D6Mit194
D6Ncvs44
D6Mit301
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o

Interval mapping for Datasel: IM 5 cheh PMNML.bp(BXD
constrained agdffive regression

—likelihood ratio statisitc

—additive effe

mapping PMNML oty chr Chyb

using Haldane mapping fungtion

with no control far other QTizs.
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Trait: PMN
Chromosome 19

Marker
Cntf

D19Mit61
D19Mit28
D19Mit41

D19Rik39 : cM 9.0
-17.0

D19Rik38
D19Rik37

Anxa1

D19Mit16
D19J1

cM 22.0
- 30.0

lapls3-8

constrained additive regress
——likelihood ratio-statisitc

— additive effect

mapping PMNML on chr:Chifl ¥
using Haldane mapping angyon
with no control for othéT 6 ts?
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\ Trait: TNF
- Chromosome 4

\

Interval mapping for Bataseg’ BXD_*AMOTX_G[BXD]
constrained additive reg mn

——likelihood ratio. statig

— additive effect

mapping TNF on chr Chrd ] eme—es

using Haldane mappingung

with no control for other QT
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\ Trait: TNF

*. Chromosome 14
\

-“‘f:.

4

vy s

P g

D14Mit102
D14Mit1 15
D14Mit35
Es10
lapls2-12
D14Mcl
D14Mit170
D14Mit1 85

Interval mapping : 7
constrained additivieregression

—likelihood ratio
cM 10.0 - 18.0

s

¥

&

— additive effect

r

using Haldane ing-fun€tion
with no control for other QThs.

|

Marker
D14Mc1
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Microarray Expression-QTL Consensus

Candidate Genes

\ 4

\

Functional study of individual genes: Quantitative complementation of a QTL and
] analysis of association of SNP with QT

ittt

1

David Schwartz

Gary Churchill

Shuibang Wang
Don Cook

=) Gabe Howles

| - Yonghong Wang

Yan Yu

| .
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\ Going beyond the arrays
\

= ® We looked for mutations in the 70l4 receptor and
\ found one in the BXD29 nonresponsive strain

\

N # We used a variety of additional markers falling
= within our candidate QTL regions and genotyped

\, our BXD strains. We were able to further refine the
\;_ maps in those regions.

\

\'- ¥ We selected a set of candidate genes based on the

arrays, the maps, and the functional roles of the
\ genes and validated them by RT-PCR.
\

|_l?“ Werare now doing RNAI studies in cell culture to
J | Tewalidateomrchypotheses



Candidate Gene Set for LPS response
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Isn’t this great?
= # Yes!

12 T

\- #: Expression data and QTL data can be combined
\_. to find genes that are differentially expressed
\_ and that are likely to be important for the

\‘ phenotype.

-2 #: The expression fingerprint itself can be used as
\h a quantitative trait for genetic mapping.

\.

\ ® No!

% We are likely to miss regulatory and signaling
\_ genes where sequence polymorphism may
\I_] contribute to the phenotype.
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What can we do with expression
data?

Predict Outcome

T T T LT LT ATV AP T ST I

E:
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\ The problem

= # Patients present with tumors, many of which are
indistinguishable.

nif !

.l

\f # Histology can provide some information, but these
\- have little predictive power.

\ # Microarrays provide a “fingerprint” that can serve
\h as a phenotypic measure that may be linked to

= outcome.

\

\,' ® This is a huge problem in data mining.

bogrm, g p g

\

SN
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- The problem in pictures: Adenocarcinomas

rdl

f.;,fji?f:h

.T.-.

l]l.l"'

e

a = Breast carcinoma

b = Ovarian carcinoma

¢ = Esophageal carcinoma
d = Gastric carcinoma

e = Colon carcinoma

f = Pancreatic carcinoma
g = Renal Cell carcinoma
h = Lung carcinoma
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Development of Molecular
Organ Classifiers

112
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TIGR Multi-Organ Cancer Classifier

C

77 tumor samples
144 hybridization assays

.

individual array normalization p <0.05

&

flip-dye replica
consistency check

Statistical filtering of genes ovary\)u lung

(Kruskal-Wallis H-test) 1

T T LT T T ST T T

hierarchical clustering Artificial neural network
| (.Pearson correlation) training and validation
UNSUPERVISED SUPERVISED

J | HIGITATS ST FHI@ABLON CLASSIFICATION



% Hierarchical Clustering of TIGR ¢cDNA Data
v

—  Ovary
Lung




\

= Tissue-Specific Genes?

GenBank/TC/Role guess

AA677165 null null

R54193 null null

AA456975 null null

W90128 null null

R91803 THC570494 arylamine N-acetyltransferase; N-acetyltransferase-1
Al628353 THC670392 KIAA0882 protein

H02231 THC615337 dJ483K16.1; long chain polyunsaturated fatty acid elongation enzym
H29407 THC623058 LIV-1, breast cancer/estrogen regulated

AA446839 THC570204 E1B 19K/Bcl-2-binding protein

AA682423 THC688753 monoamine oxidase B

W84778 THC569476 NADH:ubiquinone oxidoreductase

W85851 null null

AA700054 THC602328 adipophilin

AA670144 null null

AA504943 THC601867 crystallin, alpha B

W30988 THC682953 hepatic angiopoietin-related protein

Al341427 null null

AA427924 null null

H09099 THC702730 KIAA0762 protein; VSGP/F-spondin

AA001444 null null

AA865464 THC601987 retinoic acid induced gene E

AA872323 THC583082 unnamed protein product

Al364369 THC616465 PBX1a; homeobox-containing protein; pre-B-cell leukemiaTF 1
N54596 null null

Breast Ovary
0.02 0.08
-0.26 -0.50
-0.10 -0.10
0.01 0.05
0.40 0.08
-0.04 -0.04
-0.11 0.06
222 -0.09
2.20 0.13
2.02 0.00
1.90 -0.38
1.64 0.12
1.63 0.06
1.32 0.1
1.25 -0.50
-0.10 0.44
-0.16 -0.12
0.08 -0.29
-0.39 -0.32
-0.78 -0.21
-0.16 -0.42
-0.13 -0.37
-0.36 -0.78
-0.29 1.31
-0.68 2.30
-0.37 1.93
-0.24 1.24
-0.18 0.81
-0.13 0.95
0.40 1.48
0.43 1.36
-0.21 -0.21
-0.23 -0.08
-0.19 -0.24
-0.15 -0.13
-0.29 0.14
0.25 0.02
0.08 -0.15

Colon
-0.29
-0.15
0.19
-0.53
-0.14
-0.64
-0.02
0.88
-0.17
0.18
-0.40
0.07
-0.40
-0.24
-0.34
-0.15
-0.57
-0.86
-0.05
0.86
0.07
-0.44
-0.12
-0.14
-0.69
1.41
-0.24
-0.47
-0.44
-0.12
-0.61
-0.21
-0.13
-0.18
0.07
-0.19
-0.43
0.02

Stomach

-0.04
-0.08
-0.08
0.29
0.39
-0.05
0.02
0.13
-0.01
0.01

-0.08
0.23
-0.04
-0.55
-0.04
-0.85
-0.37
-0.34
-0.46
-0.53
-0.39
-0.41
-0.37
-0.39
-0.72
-0.46
-0.24
0.07

-0.23
-0.46
0.18

-0.21
-0.23
0.08

-0.27
-0.13
0.04
-0.10

EG junction
0.07
0.19
-0.11
0.88
0.58
-0.06
0.19
0.05
-0.04
1.05
-0.02
0.08
0.14
-0.72
-0.30
-0.85
-0.43
-0.25
-0.41
-0.41
-0.38
-0.42
-0.48
-0.18
-0.37
-0.43
-0.20
0.12
-0.43
-0.56
-0.65
-0.21
-0.16
-0.24
-0.13
-0.17
-0.06
-0.18

Pancreas
-0.11
-0.01
0.00
0.01
0.22
0.07
0.21
0.78
-0.11
0.00
-0.13
0.00
0.11
-0.27
-0.17
-0.32
0.09
0.09
-0.46
-0.70
-0.13
-0.26
-0.18
0.12
0.09
0.21
0.14
-0.08
0.15
-0.05
0.08

Lung Kidney
0.15
0.09
-0.06
-0.60
0.25
-0.18
-0.01
0.00 0.40
0.04 -0.44
0.17 0.00
0.37 -0.86
-0.02 0.00
0.06 0.10
0.40 -0.10
-0.10 -0.19
0.13 211
-0.08 2.05
-0.26 2.27
-0.39 3.10
-0.48 2.81
0.1 1.90
-0.54 3.21
-0.18 3.09
-0.10 -0.42
-0.21 0.36
0.09 0.55
-0.19 -0.34
-0.25 -0.03
0.08 0.07
-0.21 -0.59
-0.09 -0.88
-0.21 -0.21
0.24 -0.35
-0.23 -0.24
-0.27 -0.41
-0.08 -0.07
-0.32 -0.74
-0.21 -0.35
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Neural Networks and Cancer

= Input data: Output data:
\  Alist of genes with A tumor type
\" expression levels call

= \

\1:‘ “hidden layers” allow

i.—” complex connections

\

¥
e
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\ Neural Networks and Cancer

Training:
Adjusts weights
and connections

Breast Tumor

T T TP I P AN P AT A

b
A
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L%

Data Acquisition

j:i?f:fi‘,

Normalization
and Scaling

Statistical
Screening

\

,*i“!}t,']-

L]
ll

Average Across

Microarray Database

Chips using Gene-by-Gene Gene-by-Gene
Referénd® using Reference using Reference
o Gene2 0.5
‘ Gene3 1.2 Genel 2.2
Gene2 0.5
; 71 Hu6800=136 : 1 Hu6800 Gene3 1.2
TIGR
All Normalized Kruskal-Wallis Correlative
q q

and Scaled Genes

Neural Network
Training and
Validation

=P -

Training Set
Tumor 1

Tumor 2
Tumor 3
Tumor 4
Tumor 5

! "'hl"u:mor n

Bonferoni f(x)

Test Set
Tumor 1
Tumor 2
Tumor 3
Tumor 4
Tumor 5

Tumor n

Gene Subset

- | Classifier




M Summary

\~ ® We collected 540 expression profiles
\_ ® 21 tumor types

\
x
\
>

#: 95% of all cancers

10 Independent Classifiers
®:75% of data for training, 25% for test
#: Average ~88% accuracy

-= ® Classifier has been validated on an independent set
\_ of colon cancer samples and mets with 90%
\T

accuracy

\ ® Web based Classifier available
\' # So far, 7 of 8* in classification

el

J _J THEINSTITUTE FOR GENOMIC Pad RNA



Isn’t this great?
= ® Yes!

%: Demonstration of cross-platform comparisons
#: Represents a potential tool to assist in clinical
diagnosis

T ST T T T

&

= ¥ No!

®: Much work remains to be done to actually
demonstrate that this has true clinical relevance

*: What we really want to do is extend this to

survival and response to therapeutics
% We need Much more data

’F;e/-;;-.-’*!ief"'i}if'

|
—] ®'One tumor, one chip™
J e NSTTUTE FOR GENNCRESERC



E Where are we going?

\

= ® Array analysis has matured significantly in the past few

\j._ _ years.

\f_ #. The bottleneck in array studies is rapidly becoming data
\i;. analysis and interpretation.

\_ ® The challenge now is to intelligently integrate expression
\ data with other sources of biological knowledge to turn our
\* gene sets into something approaching biology.

\_ ¥ Array-based technologies are poised to make the transition
\“ from the laboratory to the clinic.

\ ¥ What we need are consistent means of collecting and

| ||| archiving the data so that more comprehensive data mining

|| neiean-take place.,



In theory, there is no difference between
\f“ theory and practice. In practice, there is.

\
\
\
\
\
- Andrew S. Tannenbaum

_
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Nobody in the game of football
should be called a genius.
A genius Is somebody like Norman Einstein.

-Joe Theisman, Former quarterback

"
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\ The TIGR Gene Index Team

H. Lee Moffitt Center/USF
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= Science is built with facts as a house is with stones —
. but a collection of facts is no more a science than a
heap of stones is a house.

— Jules Henry Poincare
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